A current collector which uses a conductive primer layer under an electrode layer to improve the contact and adhesion of the electrode layer to a supporting member, wherein the conductive primer layer is composed of a polymeric material having pendant carboxylic acid groups crosslinked with a multifunctional crosslinking agent, and a conductive filler. The current collector may be used inter alia for making batteries.
32 Claims, 1 Drawing Sheet U.S. Patent Dec. 26, 1995 5,478,676 Figure 3 This invention relates to current collectors and more particularly to a multilayered structure for use as a current collector in a battery. 2. Description of Related Art A typical battery structure includes two electrodes, serv ing as the anode and cathode, in contact with an electrolyte. Originally the anode and cathode served also as the conduit through which the electric current generated by the battery was guided to a point outside the battery for eventual use, and the anode and cathode served the dual function of electrode and current collector.
As battery technology became more sophisticated, the current collection function was in a number of applications done through a separate conductor which did not necessarily function as an electrode. The term "current collector' as used in this application is understood to mean the combi nation of the elements that function as anode or cathode, generically known as electrodes, together with the elements for collecting or distributing the current accumulated on the electrodes, be it a signal current or current generated in a battery.
When the current collector comprises a metal or metalized support in addition to the electrode material, it is important that the anode or cathode electrode material exhibit good contact and adhesion to the metal as such good contact and adhesion improve the overall efficiency and life of the battery. It is known to use a coating between the electrode material and the metal to enhance the contact and/or adhe sion of the electrode material to the metal and to protect the metal from the often corrosive effects of the electrolyte and in certain cases of the anodic or cathodic material itself.
Further more such protective coating at times serves to prevent the support metal from becoming part of the elec trochemistry of the battery. The present invention overcomes the aforementioned problem by providing a current collector which comprises a metal support coated with at least one primer layer. This primer layer comprises a polymeric material having pendant carboxylic acid groups crosslinked with a multifunctional crosslinking agent, and a conductive filler, and has the electrode layer adhered to the primer layer. The electrode layer may be a cathode or anode material.
The primer layer may be a single layer or may be a composite of two or more layers. When more than one layer is used, the second layer may comprise a non crosslinked polymeric material rendered conductive through the use of a conductive filler.
Ethylene acrylic acid copolymer, crosslinked using a multifunctional aziridinyl crosslinking agent, and carbon black as the conductive filler provides a good primer layer. Non crosslinked ethylene acrylic acid copolymer and carbon black may be used for a second layer applied over or under this primer. Polyurethane either alone or in combination with the ethylene acrylic acid polymer or copolymer may also used in the primer layers.
A complete battery is constructed using at least one current collector comprising a metal or metalized foil sup port coated with a primer which comprises a polymeric material having pendant carboxylic acid groups crosslinked with a multifunctional crosslinking agent, and a conductive filler, and contacted with an electrode i.e. an anode or cathode material applied thereto.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention can be more fully understood from the following description thereof in connection with the accom panying drawings described as follows. 
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
Throughout the following detailed description, similar reference characters refer to similar elements in all figures of the drawings.
Referring now to FIG. 1 there is shown in schematic representation the basic elements of a battery cell 10. This battery comprises a casing 12 which serves to contain an electrolyte 14. Two current collectors 16 are shown immersed in the electrolyte. As described in further detail below, the current collectors include a support 17, a primer layer 18 and an electrode layer. In a typical battery appli cation, there will be an anode 21 electrode and a cathode 22 electrode present. The current collectors output an electric current to an outside circuit 24. An optional separator 15 may also be present.
FIG. 1 represents a basic battery structure useful in identifying the various components typically found in a battery for purposes of illustrating the present invention.
U.S. Pat. Nos. 4, 307, 162, 4, 125, 686 and 4, 210, 708 disclose batteries, including lithium batteries, more representative of modern batteries wherein the current collector of the present 5,478,676 3 invention may be advantageously employed.
The current collector structure is best shown in FIG. 2.
The current collector 30 includes a support 17 onto which is applied on at least one side a primer layer 18. Over the primer layer 18 there is applied another layer 20 which is an electrode, and which may be selected to be either a material serving as an anode, or a cathode. Application of the different layers may be done by casting the layer as a film and laminating the cast film onto the support or over a prior applied layer onto the support, or it may be cast directly onto the support or prior applied layer, or it may be coated onto the support or prior layer using any one of the known coating techniques, such as reverse roll coating, knife coating and the like.
An alternate current collector structure 40 is shown in FIG. 3 where there is an additional primer layer 19 inter posed between the primer layer 18 and the electrode 20. Not illustrated is yet another current collector structure contem plated under this invention in which the additional primer layer 19 is applied under the primer layer 18 between the primer layer 18 and the support 17.
The support 17 is typically a metal, which may be a rigid flatpiece, such as a metal sheet, or may be a metal foil. Metal foils are used in cases where it is desirable to fold or coil the current collector as is the case when making cylindrically shaped batteries. Metal foils or sheets particularly well suited for supports are aluminum, copper, nickel, silver, gold or stainless steel. The selection is usually dictated by the conductivity requirements, the electrochemical inertness, the physical properties such as mechanical strength, and the cost factors involved which tend to make certain materials such as leaf gold or silver commercially impractical due to high manufacturing costs.
The support 17 may also be a metalized plastic film or sheet such as metalized polyester, metalized polyimide, metalized polyolefin, metalized vinyl sheet, and the like. The plastic film or sheet may be rigid or flexible.
It is also contemplated by this invention that the primer layer 18 may be cast in sufficient thickness to form a self supporting film, in which case the support 17 may be reduced in thickness to a thin, non self supporting layer or a metalized film, applied on one side of the primer layer, the primer layer providing the necessary structural support. In an alternative structure, the self supporting conductive primer layer may serve as a single, combined conductive support and primer, without need for having a separate metal conductive layer applied thereto.
When the support 17 is a metalized plastic foil the primer layer 18 is applied on the metalized side of the metalized plastic foil.
The primer layer is comprised of a polymeric material having pendant carboxylic acid groups crosslinked with a multifunctional crosslinking agent and a conductive filler.
Preferably, the polymeric material is an acrylic polymer or copolymer, such as a copolymer of ethylene and acrylic acid and the crosslinking agent a multifunctional aziridinyl cross linking agent. The combination of ethylene acrylic acid copolymer and aziridine crosslinking agent provides good chemical resistance to various electrolyte chemicals, includ ing propylene carbonate and others found particularly in many types of lithium batteries. The chemical resistance results from the crosslinking of the pendant acid groups of the acrylic polymers or copolymers with the multifunctional aZiridinyl crosslinking agent. Other polymeric materials which may be used, include but are not limited to, polyacrylic acid; copolymers that contain acrylic acid moiety such as: poly(acrylic acid/ethyl acrylate) or poly(acrylic acid/butyl acrylate); and polymers that contain a substituted acrylic acid moiety such as a methacrylic acid moiety.
Crosslinking multifunctional agents which may be used include but are not limited to, are as follows: Neocryle) CX-100, manufactured by Zeneca Co., which is 1-Aziri dinepropanoic acid, 2-methyl-2-ethyl-2-3-(2-methyl-1-aZiridinyl)-1-oxopropoxy methyl-1,3-propandiyl ester having a CAS No 64265-57-2; Xama-7(E) produced by Sancor Industries, which is Pentaerythriol-tris-B-(aziridi nyl)proprionate) having CAS No. 57116-45-7; Resimene(8) 717, which is methylated melamine; Resimene(E) 714 which is partially methylated melamine; Resimene(& 882, which is butylated melamine and Resimene(E) 2060 which is methy lated melamine-formaldehyde modified styrene allyl alco hol, all made by Monsanto Co.
Layer 18 may also comprise blends of polymeric mate rials having pendant carboxylic acid groups or blends of a polymeric material having pendant carboxyl acid groups, and, polyurethanes (preferably polyurethanes with acid numbers greater than 10), polyolefins, polyvinylidene fluo ride, polytetrafluoroethylene and combinations thereof. It has also been found that in certain applications the poly meric material in layer 18 may be completely replaced by the polyurethane.
In addition to the crosslinked polymeric material, primer layer 18 includes a conductive filler which serves to render the layer conductive. Typically, such conductive fillers include carbon black, graphite fibers, graphite fibrils, metal coated glass particles, metal particles or metal fibers such as silver, copper nickel etc. or combinations thereof. Typically, the conductive particles will be limited in size to 0.01 um to 10 um.
A non conductive filler such as silica or titanium dioxide may be included in layer 18, together with the conductive filler to adjust its physical characteristics such as mechanical strength, surface roughness etc. or its conductivity.
The primer layer 18 is applied on the support typically to a dry thickness from 0.5 um to 100 um. The primer layer may be applied as a single layer or may be applied as a multiplicity of layers which may have the same chemical composition, or may have different chemical compositions.
The primer layer preferably comprises 5 to 70% by weight conductive filler and 30 to 95% by weight crosslinked polymer material composed of 50 to 100% by weight ethylene acrylic acid copolymer and from 0.1% to 50% by weight of a multifunctional crosslinking agent such as aZiridine.
When an additional primer layer such as layer 19 is used, applied either over or under the primer layer 18, such layer comprises a non crosslinked polymeric material having pendant carboxylic acid groups, polyolefins, polyvinylidene fluoride, polytetrafluoroethylene, polyurethane and combi nations thereof, and a conductive filler. A non conductive filler may also be added to enhance desirable physical or electrical properties of this additional layer 19, as is done for the primer layer 18.
The following examples are used to illustrate but not limit the invention.
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The following materials were mixed in the following weight percent proportions, in a high shear mixer such as a ball mill to form a premix 1:
(1 Premix 1 and premix 2 were next mixed together in a conventional mixer (hand paddle or impeller mixer is adequate) just before coating. An amount of 1% to 2% by weight dimethyl ethanol amine was added to the mixture to retard crosslinking until the coating has substantially dried.
The mixture was then coated onto aluminum foil.
After the coating dried, a cathode electrode layer com prising Manganese dioxide, polyvinylidene fluoride and graphite was applied over the primer layer to form a current collector. This current collector exhibited good adhesion of the layers to each ether and good resistance to solvents typically found in electrolytes in batteries, such as N-methyl pyrollidinone, propylene carbonate, acetonitrile, and triethyl phosphate.
EXAMPLE 2
After coating a first primer layer of a mixture of premixes 1 and 2 prepared as in example 1 on an aluminum foil support, a second layer was coated over the first primer layer. This second primer layer was coated using only premix 1 to provide a non crosslinked layer over the crosslinked layer, resulting in the structure shown in FIG.3. A cathode layer such as described in example 1 was applied over this non crosslinked layer to form a current collector that exhibited good chemical resistance to solvents typically found in battery electrolytes as shown in example 1.
The following examples are given to illustrate various primer layers prepared in accordance with the present inven tion which may be used to produce current collectors in accordance with the present invention by applying onto conductive supports and by applying onto the primer layer an anode or cathode electrode material. Electrode materials that are useful for use as anodes or cathodes depend on the nature of the application for which the current collector is intended. A number of references provided below, teach various cathodic and anodic materials that can be used with the primer layer of this invention to produce current collec tors according to the present invention and batteries wherein Such current collectors may be used. The disclosures in these Edition.
EXAMPLE 3
A primer layer for use in a current collector is prepared as in example 1 using the premixes disclosed therein; however, in this example, graphite is used instead of carbon black in an amount equal to the carbon black amount disclosed in example 1. A primer layer for use in a current collector is prepared as in example 1 using the premixes disclosed therein; however, in this example, the amount of carbon black is reduced to 50% by weight of the amount disclosed in example 1 and graphite is substituted for the other 50% of the carbon black amount disclosed in example 1. EXAMPLE 5 A primer layer for use in a current collector is prepared as in example 1 using the premixes disclosed therein; however, in this example, 9.3% by weight ethylene methacrylic acid is substituted for the 9.3% by weight ethylene acrylic acid used in example 1. EXAMPLE 6 Aprimer layer for use in a current collector is prepared by mixing the following ingredients in a high shear mixer such as a ball mill mixer for about 30 minutes. 5,478,676 7 After mixing, the resulting mixture is coated onto a sheet of paper having a silicone release layer thereon, and after drying, the paper is removed leaving behind a free standing self supporting layer. This layer is next laminated to an aluminum sheet to provide a layer whose resistance to 1-methyl-2-pyrrolidinone (NMP), propylene carbonate, acetonitrile, and triethyl phosphate solvents is good. EXAMPLE 7 Aprimer layer is prepared as in example 6 by substituting 10 parts by weight of Resimene(E) 717 for the Xama(E) 7
Crosslinking agent.
3. Resimene(6) 717, is methylated melamine a product of Monsanto Corpo ration.
EXAMPLE 8
Using a high shear mix, such as a ball mill, the following ingredients were mixed to prepare a primer composition which was used to form a self supporting free standing primer layer. Xama (87 aziridine crosslinking agent 1.1
After mixing, the resulting mixture was coated onto a sheet of paper having a silicone release layer thereon, and after drying, the paper was removed resulting in a free standing self supporting layer which exhibits good resis tance to the same solvents used in example 6. EXAMPLE 9 Aprimer layer for use in a current collector is prepared as in example 8 by substituting 10 parts by weight of Resim ene(E) 717 for the Xama(E) 7 Crosslinking agent.
EXAMPLE 10
Using a high shear mix, such as a ball mill, the following ingredients are mixed to prepare a primer composition which is used to form a self supporting free standing primer layer. After mixing, the resulting mixture is coated onto a sheet of paper having a silicone release layer thereon, and after drying, the paper is removed resulting in a free standing self Supporting layer which exhibits good resistance to the solvents of example 6. A primer layer is prepared as in example 10 by substi tuting 10 parts by weight of Resimene(8) 717 for the Xama(E) 7 Crosslinking agent. EXAMPLE 12 Aprimer layer is prepared using a high shear mix, such as a ball mill, by mixing the following ingredients to prepare a primer which is then applied onto the metalized side of a metalized polyethylene terephthalate film. A primer layer is prepared as in example 12; however, an equal amount of polyvinylidene fluoride emulsion (Lumi flon 916 (Acid number 10 a modified PVDF, xylene, and carbon black in 26/48/26 parts percent by weight) is sub stituted for the polyethylene emulsion of example 12.
EXAMPLE 4
A lithium battery is constructed using current collectors employing a conductive primer layer in accordance with the present invention as described in more detail below. The anode is constructed using a copper foil over which is applied the conductive primer layer produced as in example 1; a carbonaceous layer of graphite in carboxy methyl cellulose at 2.2% by weight is next applied over the primer layer to complete the anode.
A copper or aluminum foil onto which there is again applied a layer of a conductive primer prepared in accor dance with example 1, is used to make a cathode. The cathode is fabricated by dry mixing 80% by weight lithium manganese oxide (LiMnO, spinel structure), 6.7% by weight PTFE binder and 13.3% by weight carbon black, prepared as taught in reference 4 above.
The two current collectors thus produced are contacted with an electrolyte material consisting of a 1M solution of LiAsF dissolved in propylene carbonate also as taught in the same reference 4 to produce a rechargeable lithium battery cell.
The description of the current collector herein above was done in conjunction with its use in a battery application. In addition to the battery applications described above, the current collector of this invention, may, with appropriate selection of electrode applied to the primer, function in other applications, particularly in medical applications which use electrodes, and such use is also within the scope of this invention.
Those skilled in the art having the benefit of the teachings of the present invention as hereinabove set forth, can effect numerous modifications thereto. These modifications are to be construed as being encompassed within the scope of the present invention as set forth in the appended claims. 
